5 ^ 7 and B K* 7 in the standard and 2H models 
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Abstract 

Theoretical predictions for the branching ratios of the B ^ Xgj and B — > K* 7 decays are 
calculated in the Standard Model and in the (type II) two-Higgs-doublet model. Both the 
complete leading and the partially known next-to-leading order QCD corrections are included. 
The uncertainties due to the regularization scheme dependence introduced by the incomplete NLO 
terms are discussed. The results are compared with the recent CLEO II measurements and a new 
lower limit on the charged Higgs boson mass, M^± >^ 200 GeV, is obtained. 
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We calculate the theoretical predictions of the 
O ^branching ratios for the decay B Xgj and 

(D B K*"f in the Standard Model and the type 
n two-Higgs-doublet model [|l[. It is well known 
J> that the leading order (LO) QCD corrections are 
important j2|, almost doubling the amplitudes of 
these decays. We include QCD correction using the 
results of ref. |3| to compute the relevant Wilson 
coefficient, C^^^{^i). We also include those next-to- 
leading (NLO) corrections which are already known 
1^, H], as explained in ref. This results in 

a significant reduction of the dependence of Cj^^ {fi) 
on the renormalization scale /i, which is the main 
source of theoretical uncertainty in the leading order 
calculation [Q , see figure |l|. However this procedure is 
not consistent theoretically and, in fact, an unphysical 
regularization scheme dependence is introduced in the 
physical predictions in this way. We try to cope with 
this problem by considering two different cases, the MS 
't Hooft-Veltman (HV) and naive dimensional (NDR) 
regularization/renormalization schemes, taking, for each 
prediction, the mean value over the two schemes as 
the physical result. Moreover, the difference between 
them is assumed as a systematic error associated to our 
ignorance of the full next-to-leading corrections. This 
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Figure 1. LO and NLO C^^^ as a function of ^, 



error is presented along with the usual one, due to the 
variation of the relevant parameters, Aqcd and m^. 

The relevant formulae to calculate the branching ra- 
tios we are interested in are 



BR{B ^ Xs-y) = 



BR{B Xlvi), 



g{z) = l-8z^ +8z^' -z^ -2'iz'^ ln{z), F = 



2 



Parameter 


Value 


l^ta^tb] /\Vcb\ 


U.yo ± U.U4 




0.316 ± 0.013 


mt (GeV) 


174 ± 17 


Ai (GeV^) 


-0.15 ±0.15 


Aa (GcV^) 


0.12 ± 0.01 


m6(/^ = mt) (GeV) 


4.65 ± 0.15 


Fi(0) 


0.35 ± 0.05 




0.107 ±0.005 


(MeV) 


330 ± 100 




/2—2mi, 



Table 1 . Values of the parameters used to predict the radiative 
B decay rates. 



BR{B K*^) 



r(B->K*7) 



r(s^Xe7) 



r(B-tX''7) 

r(s-.x,7) 



m2 \ 3 



Mi 



BR{B Xlui) 



|fi(o)r 



l+{Ai-9A2)/(2m^) 



BR{B ^sj) includes also the known next-to- 
leading corrections to the matrix element, while non- 
perturbative l/m^ corrections are included in BR{B 
if* 7). The numerical values of the different quantities 
appearing in these expressions are given in table |^. For 
more details on their choice, see ref. Q. 

Using the previous formulae, we calculate the 
branching ratios in table ^. The errors shown in this 
table are due to the uncertainties on Agc^j and rrif. 
Combining the NLO results in HV and NDR for different 
values of /x, we obtain our final predictions in the 
Standard Model 



BR{B 
BR{B 
T{B - 



^+l.4^ X 10-5 



.if*7) - (4.3±0.9li.o, 
>X,7) = (f.9±0.2±0.5) X 10"-^ 



0.23 ±0.09, 



T{B X,-i) 

Comparing them with the recent measurements ^ 

BR{B K*j) = (4.5 ± 1.5 ±0.9) X 10"^ 

BR{B X,-f) = (2.32 ± 0.51 ± 0.29 ± 0.32) X 10"'', 





BR{B Xs-y) X lO'' 


At (GeV) 


LO 


NLOhv 


NLOndr 


mt/2 


3.81 ±0.47 


1.92 ±0.19 


2.77 ±0.32 


mt 


2.93 ±0.33 


1.71 ±0.18 


2.25 ± 0.25 


2mj, 


2.30 ±0.26 


1.56 ±0.17 


1.91 ± 0.21 




BR(B -* K*j) X 10== 


/i(GeV) 


LO 


NLOhv 


NLOivDj?. 


mt/2 


6.9 ±1.5 


4.4 ±0.8 


6.4 ± 1.3 


mt 


5.3 ±1.1 


3.8 ±0.8 


5.0 ± 1.0 


2mt 


4.2 ±0.9 


3.3 ±0.7 


4.1 ± 0.8 



Figure 2. Predictions for BR{B — > Xg-f) in the 2H model with 
tan f) = 2 are given as a function of M^± . The experimental 
band is delimited by the dotted lines. 



a very good agreement is found. Notice, however, that 
the estimate of the exclusive branching ratio strongly 
depends on the value assumed for the form factor Fi(0). 

Finally, let us consider the two-Higgs-doublet model 
known in the literature as Model II Q. Two more free 
parameters are present in this model, Mh± and tan/3. 
The charged Higgs boson exchange only modifies the 
initial conditions of the Wilson coefficients. Moreover, 
for tan/3 > 1.5—2, these become practically independent 
of tan/3. In figure ||, the BR{B —> Xsj) is reported as a 
function of Mff± for tan/3 = 2. The band accounts for 
the theoretical uncertainties. The comparison with the 
experimental result gives a limit on Mh± >~ 200 GeV. 
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Table 2. Theoretical predictions of the radiative branching 
ratios. 
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